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of saturation have been obtained by Samuel Fortier 
(see Engineering Record of April 15, 1005, p. 4301. 

Additional eslierinien ttd data along this line ~voulcl 
be of the utmost practical slid economic value. not 
only in relation to the ordiiiary problems of hpclrolngy 
in estima.tina stream flow, but also in relation to irriptt- 
tion, laqd %ra.inage, and agricultural eiigiiieeriiig in 
general. Tlie writer has clesigiiated tlie ratio of the 
actual evaporation ra.te from a soil surfnce a.t any given 
time and with any degree of saturation to the empora- 
tion rate from water or R saturated soil surface 21s t,he 
" evaporation opportunity."' 

It so ha.ppens that in long peiiods of drought. wlicn 
the evaporation rate from a saturilted surface is 
highest, the evoporation opportuiii tV from the soil sur- 
face decreases. It is a nzit.ura1 result of these opposing 
influences that there is some ptwticular amount and 
distribution of rainfall in any locality for wliich the 
total evaporatioii loss from the soil is 2% iiiitsinium. 

I *' Relative evaporstiai" or "Evaporativity" might he n more augqstirc dcbigmlim. 
&?E MONTHLY WEATHER REVIEW, Jan. 1919, 47:3l).-EPIT. 

Although this is 
that i t  has ever been pointed out. Strangely 

ortmt, the writer does not think 

enough, i t  follows as a simple rnathem:r tical deduction 
€rom n nuniher of esisting formulas for cnlculating 
rmi-off and, furthermore, it i* abuiirlaiitly coirfirnied by 
esperience, inttsinnch tis i t  will IJP found that if almost 
tiny long-term record of rainfall and s treani flow is 
nnnlyzed, unrl tlir result.: are h t t d  in terms of water 

will have a ninsiiiiiim for an auiiunl riiinfall which 
gencrally lies between 45 and 75 inches in England and the 
eits tern LJiii tell Y til tes . 

This c d s  attention to the fact that the older ideas 
and nietliods of espressing run-off as n percentage 
of rainfall tire essentially fallacious, and if eiigineers 
nrc to justify Jiublic coiificleiice with regard to their 
ability to 1redict safely the available yield of wuter- 

upon the use of iiie terolooic dn t n  now of ten ignored 
wir1 upon inore rational alia cletailecl methods of analyz- 
ing aiid utilizing such data. 

losses against precipitation, t I ie resulting water losses 

supplies, t t ieir work must, in the future, be founded 

ELEMENTS OF HYDROLOGY. 

By ADOLPH F. MEYER. C. E., Associzte Professor of Hydraulic Engineering, University of Minnesota. 

IJohn Wiley & Sons (Inc.), New Yo&, 191i, pp. .$Si,%; flgs.] 

This volume is a welconie addition to our knowledge of 
hydrology and its ractical applictttion. It, was prepared 

, and aims to set forth the fundamental data engineeril-f and consi eratioils rather thaii to  provide a test bovk. 
After defining hydrology aiicl it: applications the 

author presents in Chapter I1 a r6sum6 of the physical 
roperties of the atmosphere with a more or less coii- 

sensed account of the variations of the several meteoro- 
logical elements, closin with n brief reference to the 

the winds. Chapter 111 is devoted to a consideration 

for the use of pro P cssional men, t,eachers and stuclents of 

general circulation of t a e atmosphere ns manifested in 

of wat,er, its vnrious states and pro ert,ies. Chapter I V  

€acts concerning tlie occurrence of precipi t.at.ion and its 
geographic clist~il-,ution. The reiiiaiiiiiig chnpters deal 
1vit.h evaporat,ion, from land and wat,er surfaces trans- 
pirtt tioii, deep seopnge, run-off, stream-flow dnt,a, supple- 
niniit.nry stremi-flow data, aiid modification of stream flow 
by storage. 

The book is i~nusually rich in illustrative material, 
drawn lnrgely from Feclernl niid St,at.e reports, from pri- 
vate sources, as well as from the author's original inves- 
tigat.ions.-A. J. H. 

on precipit.st,ion is n 1-ery complete r l ,sum6 of the esseihal 

THE WEATHER AND DAILY STREAM FLOW FOR HYDRO-ELECTRIC PLANTS. 

By J. CECIL ALTER, Meteorologist. 

[Dated: Weather Bureau, Salt LAC City. Ut:~h, .4pr. 11. 1919.1 

SmoPsIs.-The important part played by daily weather forerests 
in the mblem of water regulation for hydroelectric plents in Utah 
is brouggt out in this paper. The mrit.er compares this w:di with tlie 
daily prediction of water stages on eastern rivem. As many r d  the 
hydro-electric plant reservoirs are located at least 36 hours' travel 
(meaeured b stream flow) from the plants t.liemselves, it. is ( - i f  great. 
importance Kat weat.her conditil,nsl part.icularly :le regercls precipita- 
tion, be accurately known 36 hnurs in advance. I f .  fnr esumple, rim 
is expected at the end CJf any given period of 36 hciura the reservilir 
outlet can be closed and the pret.iiius \rater snved until neetled. On 
the other hand, if n period of dry weather is expected tn set in at the 
end of 36 hours, the outlet at the reservoir must be opened su that tlie 
plant will have an abundance of water. These contlitirms apply 
equally well to irrigation COnt.nil.-H. L. 

Daily weather fdrecasts and general meteorological 
data have for some time entered rather largely into the 
problem of water regulation for the 27 hydro-electric 
plants of the Utah Power & Light (20.. in northern Utah, 
and southeastern Idaho, as managed by Maj. Coo Ier 
Anderson, superintendent of the power department,. "lie 
general problem bears some analogy to t,kio claily predic- 
tion of water stages on eastern rivers, but many addi- 
tional factors require seiio,us consideration. 

All but four of the pltints mentioned afe located on the 
smaller streams coming out of the Wasatch Mountains, 
the flow of which can he relied upon for running the 
plants to machine capacity only in the flood time; this 

is from about March to early June, inclusive, when moun- 
tain snow is melting niost rapidly, and when preci itation 

maiiy of these plants are subject to greatly decreased 
output for want of water. 

In  suninicr aii.cl nutunin the water supply from snow 
stores in the niouiitaiiis reaches a niininium, and this is 
iiormrtlly the period of lightest precipitation in this re- 
g+. A sustaiiiecl stream flow, ample for power produc- 
tion purposes, occurs in these moirths only when previous 
snowfall ant1 current precipitation tire abnormally heavy. 
In winter the tributaries are closed by icn with the first 
hnrcl freeze, the frost gradually sealing the larger feeders, 
niid finally the trunk strenni if the weather be very 
severe. 

It is essential that these scattering plants be operated 
as fully as possible, because of their neiwiiess and con- 
venience to purchasers of the power wocluced; aiid inas- 
murli a4 the conipany provides by I t u  the greater per- 
centage of d l  electricity used l)y the mining, smelting, 
inteiurlmn aiicl street milmay, sugar refining, city light- 
ing, and other companies in this district, which includes 
Salt Lake Clity, Ogden, aiid piwbal)ly a score of smaller 
towns, the demands for current are very esacting. 

is normally henviest. During the remainder of t f ie year 

' 
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However, by an estensive network of transmission 
lines throu$iout the reyioii, any one plmt or series of 
plants mny he closed tlowii, ancl its customers supplied 
without interru Ition of seirice hy other plants. In fact, 

provision is made for the eniergency closing of more than 
, in the iiistallzttion of four one-half tlie sniallcr 

mammoth plants on ear Riwr,  the largest stream in 
the region, which have B prodiiction capcity d tibout 
70 per cent of tlie average requirements of the entire 
system. 

This stream is much inore (le ~eiiclable. by reason of its 

streams dependont oil niount,ain snowfiill, its spring 
freshet curve is followed I.)>- n seiioiis dcdiiic. Therefore 
Bear Lake, a lnrpe body of wuter 011 the Utah-Idaho 
boundary, bas heen ninde to s o r w  as R sti)rsqe reservoir, 
t1iouTh it is situatetl n1)out i z  miles frr)ni t h  nearest uf 
the large plants, at  Grace, I~lnho; $0 mile.; fiom tho Cove 
plant; 100 miles from the 0:wiila plant; and ahout 1 70 
miles. as tlie streniii flows, froin Wht:clon, Utah,, the fnrth- 
est of the “ Big Four.” (Fig. 1 .! 

Under the most ftxvurahle cmditi.ins i t  requires at  least 
30 hours for water froin the lake to reach the iicnrest plant 

since so inucli c I epends on the e!enients in criticitl soawns 

An 

length and size. than the snin I ler streiims: but like all 

FIG. 1. 

at Grace, and it very fre uently requires as much as 48 
hours of flowing time. 1 n winter, when there is loose 
ice, slush, snow, or any considerable bldckading from any 
cause, the flowing time is niuch greater still. The flowmg 
time to Wheelon is practically double that to Grwe. 
Only the plant a t  Oneida has a small auxiliary storage 
reservoir, the rest being solely depenclent on the stream 
flow. 

“Thus it will be seen,” acc.orcling to G. I. McFarland, 
superintendent of the Grace plant, “ that every move 
made in the regulation of water is based absolutely on 
predictions of conditiolis that will obtain 36 hours later.” 
And according to Chief Dis atcher H. S. Buchanan, the 
prediction of weather concl’itions ancl factors affecting 
stream height, as well as the demands for power from the 
various lants, must $ways be foreseen over as great a 
period o f time as possible. 

The utilization of water above the lants for irrigation 
in summer vanes greatly from day to R ay with the general 
weather conditions and with t!ie stages of the crops. 
Heavy showers will give a certam increase in the flow of 
streams from the immediate watersheds affected within 

‘ a certain length of time and for a certain duration, and if 
the showers be sufficiently heavy in the agricultural 

regions there will be less irrigation water used for a few 
days after the storm. The problem of water regulation 
for power purposes varies also with the geographical 
t l istrhtion and the aniount of reci itation from such 
storms. On the other hand, speyls o r  dry, hot weather 
increase the tlenimids for irrigation water ancl deplete the 
avnilable supply correspondingly. I 

Nunierous weather s tations are maint.ained by the com- 
pany, some of them having the status of cooperative 
stations of the Weather Bureau, from which reporb are 
compiled daily in the central offic,es of the corn any a t  
Salt Lake City for direct application to the rotlem of 
water regulation. Daily measurements of t R e flow of ’ 
Bear River and of important irrigation canals near the 
lake and the Grace plant are made and dis atched to the 
power deptwtnient, and once a week the &charge of ~ J I I  
tributaries and irrigation canals between the lake and 
Grace is measured for comelation with all other conditions 
atTccting the flow. 

Tile company thus knows ap rosimately from day to 
da how niuch water is availa \ le, how much power it 
wi r 1 )roducc, and whether the water supply is incrensin 
or decreasing. By July 1 the decreasing flow of afi 
st,reams makes it necessary to release the flow from Bear 
Lake, through gravity outlets and later by pum ing, to 
supply the gradually increasing denialids on t P ie Bear 
River plants. However, this water is estreniely precious 
in dry seasons-and no one can foresee dehitely that the 
coming few months will not be otherwise-hence it is 
cloled out as ecoiioniically as possible, withholding every 
foot that is not certain to be needed, a regulation which 
durin the month of July, 1918, was so carefully applied 
that f ess tlinai one-half of 1 per cent of the flow was 
wasted over the s illwa at Grace. 

Each clay the cyiief cLpatcher and the superintendent 
of ower determine from the load carried the day before 
an( I) the demnncls for power on the day following, with 
tlie weather and water conditious over the system, just 
what redistribution of electricity production in the various 

lants must be made, and articular1 how much of the 
Eail is to be carried by t i e  Y Bear giver plants. This 
means in turn the determination of the amount of water 
to be released from Bear Lake, always remembering that .  
the lake is from 30 to 4s hours distant, measured by the 
stream flow. 

In  winter a very troublesome condition is that of 
mush-ice formation, which is produced in very cold 
weather as the water passes over the many stony rapids. 
This congealed but unsolidified water lodges very readily 
a ainst every obstacle and forms more or less extensive 
bfockades here and there in the rou her parts of the 

but must be quickly located and removed when fornied. 
Usually the only means of removin- such accumulations 
is by hydraulic y, EToduce $by a crest of flood 
water from the la e, and t IS IS often a slow process and 
results at  times in field flooding. 

Anchor ice, which forms in extremely cold weather on 
all protruding rocks and other objects where waves, 
splashing, or spray reaches is also ve;ry troublesome and 
may form a very effectual jam that IS hard to dislodge. 
A heavy snowstorm tends to slow down tlie rate of stream 
flow, if i t  does not prove sufficient to roduce a condition 

over and a fairly constant dischar e can be maintained, 

consequently little trouble occurs until the ice goes out. 
It is sure to go out +th more or less clogging in spring- 
time, if not in a winter thaw, but .a winter rain, not 

stream. Such conditions must not on Y y be anticipated, 

similar to mush ice. If the stream l ecomes well frozen 

there is very little open water (on 7 y in the rapids), and 
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attended by sufficient duration of warmth to thaw the 
ice, is even more disastrous, unless the flow can be regu- 
lated to allow all water to pass under the ice. 

The daily publications and reports of the Weather 
Bureau, especially the forecasts, are utilized freely in the 
consideration of this daily problem of water regulation, 
the superintendent of power hamng made intensive use 
of the weather map until it was suspended during the 

war, in amplifying the general forecasts for the specific 
problems in his own region. During the past winter 
(December, 1918, to March, 1919, inclusive) the State 
forecasts were amplified a t  the Salt Lake City ofice of 
the Bureau for the Bear River revion, and the coiiditions 
previiiling over the northwestern states were given to the 
officinls of the company by telephone each niorning for 
theiI consideration in the water regulation problem. 

THE COLORADO RIVER. 
By FREDERICK H. BRANDENBURG, District Forecaster. 

[Dated: Weather Bureau, Denver, Colo.. July, 1916.1 

SYNOPSIS.-TGS p.'t er concerns the method of river-stage forecast- 
ing for the Colorado giver and its principal trihutiries, the (;reen, 
Grand, and Elan Juan Rivers. A brief description of the topographic 
features and courses of these streams is given. Attention is given to 
temperature conditions, as these to a large extent control the nielting 
of the snows, which in turn make up much of the water su ply. Two 
rating tables supplement the text, covering the Green antthe  Grand 
Rivers, respectively.--a. L. 

The Colorado River is formed by the junction, in 
southeastern Utah, of the Green and Grand Rivers, ant1 
is 'oined by the San Juan River, its most im ortant 
tridutary, a few miles north of the ArizonaXtat State 
line. (See Fig. 1.) 

The Green River rises in the mountains of southwestern 
Wyoming, and thence flows southward. From its source 
to ita junction with the Grand River the Green is 425 
miles in length. Near the Colorado-Utah State line i t  
receives the waters of the E'am,a and White Rivers, 

The Grand River, which rises on the western slope of 
the Continental Divide in central Colorado, is joined by 
the Gunnison River a t  Grand Junction, Colo., and also 
by the Dolores, which drains the western slope of the 
San Juan Mountains, a short distance above the junction 
of the Grand and Green Rivers. 

The San Juan, which rises on the southern slo e of the 

southwestern Colorado, is about 200 miles in length. 
In  southeastern Utah and northern Arizona the Colo- 

rado River flows in a deep, rocky gorge, or canyon, through 
rac tically uninhabited, and the conditions are 

125 miles above their 'unction. 

into three divisions, the low-lying desert region, the 
elevated latoau re ion, and the mountain region. Each 

lower division extends from the Gulf of California to the 
most easterly part of southeastern Nevada; the middle 
division from southeastern Nevada to the rating stations 
at Elgin, Utah; Fruita, Colo.; and Farmington, N. Mex.; 
and the u er division includes the area above such 
stations. R e  up er division is bordered on the north 

ran ea of high mountains. 
&e main flow of the Colorado comes, of course, from 

the snowfall in its up er reaches. The flow, however, is 

snow in the mountains. Yhe  summer rise usually occurs 
in June. The middle division contributes a considerable 
volume of water during March, April, and often during 
.the first half of May from the melting of snow on the high 
table-lands. Practically no flow is received from snow- 
fall in tho lower division, although in the northern part 
of that division there are mountains which rise to an 
altitude of several thousand feet. 

which drain northwestern Colorac \ 0. 

San Juan Mountains, a part of the Continental 8 iyide in 

very a regionQ sim' ar along the Green and Grand Rivers for about 

The draina,oe area o i the Colorado River falls naturally 

division R as its c 8' aracteristic climatic features. The 

and east by the cp ontinental Divide and on the west by 

seldom large except cp uri the periods of melting of the 

The mountainous nature of the country and the lack of 
telephone and telegraph Iacilities prevent the establish- 
meiit of aging stations on any part of the upper Colorado 
River. $he usual method of predicting stages from gage 
readings a t  upstream stations on the same river is there- 

FIQ. 1. 

fore out of the question, and results as unsatisfactory 
almost invariably attend an attempt to predicts the stages 
of water on the main river from gage heights on the three 
rivers uniting to form i t  because they are so widely 
separated and their flow varies so greatly, a different 
method of arriving a t  results is necessary. 


